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Abstract 
In recent years Mass Customization has been considered as a proper strategy to provide customers with individualized products with a 
reasonable price. Meanwhile, the trends of aging population and rapid technological evolution have initiated the interest of healthcare sector to 
production of customized medical devices. Pursuit of such a strategy can result in introduction of manufacturing operations of customized 
medical devices inside the hospitals. To this end, an innovative business model is required to facilitate and support such a shift by focusing on 
both product and service perspectives and hence taking into account an integrated product-service system approach. This paper aims at 
introducing a PSS-oriented business model to support customized production by hospitals. Moreover, a qualitative analysis of pros and cons of 
each business model configuration is presented in the paper. Eventually, considering each configuration along with its benefits and challenges, 
the hospital selects the most proper business model base on its strategy and long-term oriented objectives. 
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
In the past two decades Mass Customization (MC) has 
been broadly discussed as a potential business model for 
heterogeneous markets in management literature [1]. In the 
market settings that are characterized by high levels of 
customer need heterogeneity, MC has to be considered as an 
economically viable strategy. On one hand, companies can 
benefit from higher prices of customized goods due to the 
increased willingness of customers to pay more for these 
goods [2]. On the other hand, thanks to the rapid progress in 
terms of flexible manufacturing processes and suitable 
customer interaction tools, the customized goods can be 
provided at a cost level that is comparable to those of mass 
produced goods [3]. Healthcare is a sector in which product 
personalization generates a fundamental adding-value for 
patients. Thus, entering the domain of customization is crucial 
for healthcare sector considering its potential significant 
impact on people lives. Additionally, manufacturers of 
personalized medical products can benefit from market, 
financial and strategic advantages compared to traditional 
manufacturers in this filed. Aging population, which is a 
common demographical trend all over the world, requires 
improved performance of the players of the healthcare sector 
[4]. Such improvement can be achieved through both 
improved services and medical products. Accordingly, 
production of customized medical devices which are designed 
based on individual requirements of each patient, is a 
promising solution. Following this argument, the emerging 
manufacturing technologies such as additive manufacturing 
can be considered not only as an enabler for customized 
production in healthcare, but also as a possibility to eventually 
change the role of the hospital from a solely user to a 
producer of products and devices for assisted patients.  
Until now, the concept of Product Service Systems (PSS) 
has been widely discussed as a potential strategy that can be 
pursued by manufacturing firms. The economic volatility as 
well as other trends such as globalization and increasing 
demands for differentiated value propositions have 
highlighted PSS as a potential approach in many industries. 
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However, in order to successfully implement the PSS 
principals, a suitable business model is required to define not 
only the way in which the company creates, delivers, and 
captures the value [5], but also the required components to 
deliver such value.  
In order to target the above mentioned issues, this paper 
aims at investigating the links between these concepts by 
firstly proposing a business model for customized production 
of medical products and secondly by defining the PSS-
oriented alternatives of the developed business model as well 
as a qualitative analysis of pros and cons related to each 
alternative.  
2. State-of-the-art 
From its early introduction as a strategy, Mass 
Customization has changed significantly the market offer and 
the value proposition for customers. The concept of Mass 
Customization is based on the fact that customers like to be 
treated as individuals and want to be felt important. They do 
not want to be involved only in purchasing process but they 
tend to be a part of an experience while buying a product [2]. 
Meanwhile customers are more concerned about design, 
aesthetic, function and other attributes of the product they 
purchase [6]. From the companies’ perspective, MC acts as an 
economically viable strategy. Pursuing Mass Customization 
enables companies to provide their customers with 
personalized products, which are produced with near-to-mass 
production efficiency [7]. MC generates benefits for both 
company and customers. It enables companies to follow 
emerging customer trends and bring value to them so that they 
can be a source of profit generation for the company.  
However, despite of all the studies in terms of MC and 
personalization, customization in healthcare is one of the 
areas which has been rarely investigated in the body of 
literature. In fact, the very few existing studies that investigate 
customization in healthcare are mainly focused on healthcare 
management rather than manufacturing [8]. Although 
personalized manufacturing of the medical products might be 
considered as a revolutionary approach in the healthcare 
sector, but the lack of enabling technologies to support the 
efficient production of personalized medical products has 
been an obstacle and a potential reason of lack of studies in 
this regard. Nevertheless, the emerging technologies in recent 
years such as additive manufacturing, 3D printing and micro 
manufacturing open up new streams of potential application 
for efficient manufacturing of customized medical devices 
and products. In fact, these technologies can support the 
realization of robust production processes as one of the key 
capabilities of Mass Customization [3]. They have the 
potential of not only producing high-quality personalized 
medical products, but also opening the way to innovative 
business models where the hospital can change its role from a 
solely user of medical products to a producer. Accordingly, 
the hospital might extends its core business from a healthcare 
service provider to a healthcare product manufacturer and 
service provider at the same time, experiencing the 
advantages of such an integration. Thus, a new business 
model is required to be adopted to facilitate and support such 
a shift by focusing on both product and service perspectives 
and hence taking into account an integrated product-service 
system approach. 
The concept of product-service system (PSS) came into 
exist during 90s by Goedkoop et al. who defined the term as 
“a marketable set of products and services capable of jointly 
fulfilling a user’s needs” [9]. Nevertheless, the concept has 
evolved during the time and different authors have looked at it 
through different lenses. While some studies emphasize on 
eco-efficient and sustainable nature of PSS [10, 11], others 
look at the term from a business perspective pointing out PSS 
as an innovative strategy [12,13]. During the last two decades 
PSS has got a notable attention and several studies have been 
carried out investigating the concept, its design 
methodologies, enabling tools and potential impacts [14]. 
Although in some studies PSS has been referred as a 
“business model” [15] itself, it’s not enough to consider only 
the value creation perspective in order to define a PSS 
business model. In fact, over the past few years the term 
“business model” has become a fashionable trend and a 
prevalent term both in academia and industry, while there is 
still much confusion about a standard definition of what a 
business model is and how a company can develop a proper 
business model. From the very first definitions of business 
model by Jones in 1960, which was focused on money 
generation as the basic principle of the term, to the more 
detailed ones including the value creation, information flow 
[16, 17, 18] and product and services as major pillars, and 
finally to the most recent and detailed business model canvas 
pointing out nine main building blocks [19], it can be 
observed that there are a few studies investigating the 
business model within the PSS concept [20]. Thus, there is a 
gap in the literature in this regard.  
The current paper tries to target this gap by developing a 
PSS-oriented business model for customized production in 
healthcare. Such a business model can be used by 
manufacturers as a reference to configure their tailored 
business model alternative considering the context they are 
operating in. 
3. PSS-oriented business model alternatives for 
personalized manufacturing in healthcare 
The development process of the PSS-oriented business 
model for customized production in healthcare has been taken 
place in two steps. In the first step, a general business model 
structure has been developed for customized production in 
healthcare considering the hospital as the manufacturer. The 
developed business model covers the main strategic decisions 
to be handled by the hospital. In the second step, the 
developed business model has been extended to the context of 
PSS through configuration of four different alternatives for 
the business model which entail different levels of 
servitization and customization. 
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3.1. Proposal of a business model for customized production 
in healthcare  
A business model can be seen as a system consisting of 
several components. Based on the objective and structure of 
business model, the components vary from one model to 
another. Elements of a business model enable fulfillment of 
its objectives. Consequently they are also dependent, in a 
large extent, on the definition of the term. In the last decade 
and during the evolution of the concept, several proposals 
have been presented in literature identifying main building 
blocks of a business model. While some of these models are 
built upon a few general building blocks [21], [22], [5] others 
entail more specific and detailed building blocks taking into 
account different parts of a value chain [23], [19]. The starting 
point of development of a business model is the definition of 
its structure. The structure of a BM describes its boundaries 
and illustrates the areas which will be studied more in detail 
during the BM development process. In order to come out 
with a business model structure for customized production in 
healthcare, we consider the business model structure proposed 
by Lay et al. [20] as a reference structure, considering the fact 
that the model is a manufacturing-based business model. 
However, in order to align the model with the product-service 
system context, the structure has been slightly modified. The 
final business model structure is built by focusing on six main 
attributes as the building blocks of the business model 
namely, location, operational personnel, equipment 
ownership, maintenance, payment modes, and target segment 
[24]. Fig 1 illustrates the proposed business model structure. 
The business model includes different option for each 
building block. These options are defined aiming at providing 
several alternatives for customized production. Through 
combination of different options in each building block, 
several configurations of the business model can be generated. 
Each configuration, obviously, reflects the strategy which is 
going to be pursued by the hospital and the supplier of 
personalized healthcare products. 
 
Figure 1. Business model structure for customized production in 
healthcare 
Currently, the hospitals are only considered as the 
customer of medical production companies. Therefore, in the 
state-of-the-art business model, the hospital (in case of 
necessity) places the order of a customized medical product to 
the producing company. The required features and 
characteristics of the product (such as dimension and required 
function) are defined by the medical team in the hospital. 
Thereafter, upon the approval of the order, the supplier starts 
the production process and the final customized product is 
delivered to the hospital usually within a few weeks. Thus, 
considering the developed business model structure, the state-
of-the-art business model is illustrated in Figure 2. It should 
be noted than in this case, the term “supplier” refers the 
medical product producer (and not the machinery producer), 
and the term “product” is the customized medical device. 
Figure 2. State-of-the-art business model  
3.2. Development of PSS-oriented alternatives of the business 
model 
PSS is a generic approach that is focused on the role of 
agreements and contracts in order to manage the life cycle of 
customer solution [25]. For a manufacturer, the PSS business 
model can be a source of value creation through efficient 
servitization and production processes which result in a 
profitable operation [26]. Considering the hospital as the 
manufacturer of the customized medical devices (for example 
prostheses) and the producers of rapid manufacturing 
machineries as suppliers, the proposed business model for 
customized manufacturing of prostheses can be aligned with 
the concept of PSS. Hence, the developed business model can 
be extended to a PSS-oriented version considering several 
scenarios in terms of Product-Service classifications. Most 
classifications of PSS emphasize on three main categories 
[15]: (1) product-oriented services where the main value 
proposition is based on selling the product through some 
additional services; (2) use-oriented services where the value 
proposition is based on the usage of the product and thus the 
ownership of the product is not transferred to the customer; 
(3) result-oriented services where the value proposition is 
based on the performance agreed by customer and supplier 
regardless the exchange of physical products. As a result, the 
level of servitization in each category differs from the other. 
While the product-oriented category implies a low level of 
servitization, the use-oriented approach suggests a higher 
service level. The result-oriented category presents the highest 
level of servitization since the traditional product does not 
play the central role [14].  
While referring to the proposed business model structure 
for customized production, different business model 
alternatives can be generated through different configurations 
of existing options in each building block of the business 
model. Each configuration presents a different level of 
servitization and, hence, fits to a specific PSS category. 
Consequently the PSS-oriented business model alternatives 
can be mapped in a spectrum which defines not only the level 
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of servitization of each alternative but also the level of 
customization of each configuration. Fig 3 illustrates the four 
main PSS-oriented configurations. These four main 
alternatives are generated and selected considering the level 
of autonomy of the hospital in production of customized 
devices and thus the level of servitization offered to the 
hospital by the supplier. In the other words, moving from the 
first configuration to the last one, the level of autonomy of the 
hospital, as the manufacturer, decreases while the level of 
service it receives from the suppliers increases.  
 
Figure 3. PSS-oriented business model alternatives 
 
In following, each PSS-oriented business model alternative 
is defined in detail:  
• “BM A – Autonomous manufacturing hospitals”: In this 
case the value proposition of manufacturing technology 
provider is very traditional and consists in a physical 
product which is the production equipment. Accordingly, 
the hospital owns the equipment and is responsible for 
their maintenance considering that no additional service 
is offered by the supplier. Lack of offered services as a 
value proposition, places this alternative outside of the 
spectrum of PSS where no service is involved in the 
business model. Additionally, the degree of 
customization of final product which can be offered by 
the hospital is quite limited due to the limited flexibility 
of the manufacturing machineries. Although, thanks to 
the enhanced flexibility level of additive manufacturing 
machines, the hospital is capable of offering a reasonable 
level of customization; but this would be limited to the 
flexibility constraints of the machines. Thus, the 
customization can be offered in the range of Mass 
Customization and within a pre-defined solution space. 
• “BM B – Manufacturing hospitals buying product-related 
services”: can be considered as the first PSS-oriented 
business model alternative in the defined spectrum of the 
Product Service System. While the previous scenario was 
entirely focused on the physical product, in this scenario 
the value proposition includes the physical product along 
with additional services. Thus, while the ownership of the 
manufacturing equipment is transferred to the hospital, 
the supplier is responsible for the maintenance of the 
machines. Such characteristics place the scenario in the 
category of product-oriented PSS. In addition, while the 
location of production can be both internal and fence-to-
fence, the operation personnel are internal to the hospital 
and the payment takes place, traditionally, per purchased 
machinery. Similar to the previous scenario, the level of 
customization in this case would still remain to the 
boundaries of a pre-defined solution space. This is due to 
the fact that, although the acquire additive manufacturing 
equipment (such as 3D printers) are flexible enough to 
enable customized production of prostheses, the level of 
customization is still limited to the boundaries of a 
predefined solution space and thus in the range of Mass 
Customization.  
• “BM C – Manufacturing hospitals paying per use of 
machines”: is designed to propose a higher level of 
servitization. In the other words, in this scenario the 
business model is not focused on selling the 
manufacturing equipment but on offering the usage of the 
machineries to the hospital. Therefore the ownership, and 
hence the maintenance, of the equipment remain in the 
hands of supplier and the hospital purchases the usage of 
machines through leasing or renting. Thus, the business 
model can be categorized as a use-oriented PSS business 
model. The production might take place either inside of 
the hospital or fence-to-fence, and the hospital personnel 
are responsible for production. Therefore the payment 
would be per use. Scenario C entails a higher level of 
customization compared to the previous two scenarios 
due to the fact that the hospital would make less 
investment through renting of equipment instead of 
purchasing them. Thus, it can rent more manufacturing 
equipment which obviously increases the level of 
flexibility in production and consequently the level of 
offered customization.  
• “BM D – Outsourcing scenario”: The value proposition 
in this scenario is defined around the concept of 
purchasing the result instead of the product. Therefore, 
the hospital neither buys the machinery nor the usage of 
them, but the final result, which consists in the 
customized prostheses. In this case, the supplier owns the 
manufacturing equipment, is responsible for their 
maintenance and uses its own personnel for the 
production. Hence the production takes place externally 
at the supplier’s site and the hospital pays per production 
of each customized product. This model represents the 
current state of the art, where hospitals by personalized 
products for their patients from external companies.  
 
4. Benefits and challenges of developed business model 
alternatives  
All the business model alternatives which are developed in 
previous sections act as supporting tools for customized 
production of prostheses by the hospital. However each of 
them is positioned differently in terms of the levels of 
servitization and customization that they entail. This enables 
the hospital to choose the most promising alternative 
considering the strategy and its long-term objectives that 
needs to be fulfilled through implementation of the business 
model.  
496   Golboo Pourabdollahian and Giacomo Copani /  Procedia CIRP  30 ( 2015 )  492 – 497 
However it’s not enough to evaluate each of these 
scenarios and business model alternatives merely based on 
their potential to integrate PSS elements and customization. 
Each scenario holds its own benefits and challenges looking 
from a more detailed perspective. In this section we try to 
briefly introduce the potential pros and cons of each business 
model alternative. 
From a manufacturing point of view, the first scenario (BM 
A) can be characterized as a traditional business model where 
the supplier offers a physical product (machine) excluding 
any services and the customer, the hospital, purchases the 
product. On the other hand, from a healthcare point of view, 
this business model represents the most innovative one. The 
hospital becomes an independent manufacturing unit which is 
capable to operate and maintain production machines 
internally. The internal (or fence-to-fence) production 
decreases the lead-time for the production and delivery of 
medical products considerably, manufacturing and delivery is 
made in the same place where patient is assisted. Moreover, 
thanks to the proximity, there will be a more frequent and 
easier interaction between medical personnel and the 
manufacturing personnel, which is quite crucial in the case of 
healthcare. This, eventually, makes the customized production 
process very close to a real-time process. Having the 
specialized production laboratory, the hospital can also 
enhances its brand reputation and generates new streams of 
revenue through selling the final customized products to other 
hospitals. However, the extremely challenging issue in this 
scenario relates to the introduction of manufacturing 
operations in a hospital environment. For their nature, 
hospitals have neither manufacturing vocation nor culture. 
Therefore they should setup and manage an internal factory, 
which will represent “a new business in the business”.Another 
challenging issue would be the certification of the final 
product and production processes. According to the EU 
regulations, every medical device and product needs to 
respect the relevant medical device directive and be certified 
by EU notified bodies [27]. Meanwhile, purchasing of 
equipment requires a very high initial investment as well as 
additional cost for upgrading of machineries. Nonetheless, it 
enhances the level of autonomy of the hospital as the owner of 
the production facilities. Being responsible for maintenance 
might decrease the response time to a defect, but eventually it 
will be more complex and costly for the hospital to manage it 
considering the lack of competency of personnel, required 
training cost, and distraction from core business.  
The second business model (BM B) is quite similar to the 
previous one, however it differs considering the maintenance 
service that the supplier offers to the hospital. Thus the 
business model entails a higher level of servitization. This can 
benefit the hospital due to the supplier’ better know-how in 
terms of maintenance and the elimination of training cost for 
maintenance. Moreover it can increase the level of staff 
flexibility and work quality while decreasing the level of 
organizational complexity. On the other hand, it might require 
a longer response time from the supplier to repair the 
equipment and the level of dependency on supplier increases.  
In the use-oriented business model (BM C), the hospital 
would benefit from the financial flexibility of not buying the 
machines, but on paying for their effective usage, based on 
the products to be effectively produced for patients. While the 
internal and fence-to-fence production can be a source of 
benefit and challenge, as being discussed before, the 
ownership of equipment by the supplier results in a 
considerably lower initial investment and an easier upgrade of 
the production system. Moreover, leasing of the 
manufacturing equipment can be a source of tax deduction 
and hence cost saving for the hospital. Nevertheless, in long-
term the overall cost to the hospital would be more.  
The last business model (BM D) represents the traditional 
case in which hospitals buy personalized medical products 
from external suppliers. Compared to the first three business 
models, outsourcing presents a higher cost and a longer lead-
time. A notable advantage of this business model relates to 
lack of any legal challenge regarding certification. Since the 
hospital outsources the production, there is no need to address 
the certification issue which is a costly and complicated 
process. From the patients’ point of view, this business model 
presents the lowest performance.    
The interaction between medical staff and design and 
production staff would be more complicated and time-
consuming due to lack of proximity. The additional delivery 
cost is incurred to the hospital as well. Meanwhile, the 
hospital benefits from a full focus on its core business 
(healthcare services) and a cost reduction in terms of training 
cost of personnel both regarding operation personnel and 
maintenance.  However, the business model implies a high 
level of dependency on the supplier which might lead to the 
loss of control for the hospital in some cases.  
Taking into account the pros of cons of each business 
model alternative, the final choice of business model is a 
trade-off and extremely depends on the strategy of the 
hospital and the pre-defined long-term objectives.  
5. Conclusion 
In the past decade the increasing of life expectancy has 
generated the trend of ageing population around the world. As 
a consequence, a better healthcare system is required to serve 
this aging population both in terms of healthcare service and 
medical products. To this end, customized medical products 
which are designed based on individual requirements of each 
patient can have a considerable impact on the treatment or 
quality of life. The new technological improvements in terms 
of manufacturing systems enable pursuit of this trend in 
healthcare sector, where customized products can be produced 
efficiently in-house, thanks to technologies such as additive 
manufacturing. Hence, the hospital would transform its role 
from a user to a producer of the medical products.  
Accordingly, the hospital would extend its core business from 
a healthcare service provider to a healthcare product 
manufacturer and service provider. Thus, a new business 
model is required to facilitate and support such a shift by 
focusing on both product and service perspectives and hence 
taking into account an integrated product-service system 
approach. 
In this paper, the developed business model, aims at 
integrating customized manufacturing of medical products 
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with PSS principles taking into account the relation between 
the hospital (as the manufacturer) and the machinery 
producers (as the supplier). Consequently PSS-oriented 
different alternatives of the business model were generated 
through different configurations of business model building 
blocks. Each alternative offers a diverse level of 
customization and servitization. Therefore, based on the 
desired level of customization and servitization decided by the 
hospital, the best-fit business model can be generated and 
implemented. However, the final decision of the business 
model configuration depends not only on the level of 
servitization, but also on the potential benefits and challenges 
that each alternative entails. Thus, by having a deeper look on 
pros and cons of each business model, we tried to provide a 
deeper insight about each scenario. Eventually, the final 
choice of business model is a trade-off which extremely 
depends on the strategy of the hospital and its pre-defined 
long-term objectives. 
Although the proposed business model in this study is 
beneficial to support the hospital in terms of customized 
production of medical products, it has its own limitations. The 
developed business model is a theoretical model and therefore 
further analysis such as economic analysis is crucial to choose 
the best-fit business model. The current study initiates the first 
towards introducing the hospital as a potential manufacturer 
of customized medical products through development of the 
business model and carrying out a qualitative analysis. The 
future steps, however, are required to convert the proposed 
business model to a practical tool which can be used by 
hospitals. 
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